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Introduction
In recent years, the impact of climate change on macrofungal fruiting in European countries has become evident (Gange et al. 2007 , Kauserud et al. 2008 , 2012 , Boddy et al. 2014 , Andrew et al. 2018 . In most cases, saprotrophic and ectomycorrhizal fruit later than several decades ago, whereby the fruiting window for the latter is still more compressed (Kauserud et al. 2012) . These shifts in fruiting phenology and enhanced fungal production are likely to bear some effect on the global carbon cycle (Büntgen et al. 2013) . To better appreciate such processes, a deeper understanding of the fruiting behaviour is needed.
Although climate change modulates fungal phenology, the fruiting window of mushrooms is probably largely genetically based (Selosse et al. 2001) . It can be assumed that mycelial biomass grows larger with time, thus accumulating nutrients necessary for fruit body production (Moore 1998) . This implies that total fruit body biomass could be affected by phenology patterns. In other words, the later a species fructifies, the more nutrients should be available to form large fruit bodies. There could also be another twist: In the case of ectomycorrhizal basidiomycetes, differential exploration types are observed (Agerer 2001 ) correlated with mycelial extension/coverage (Weigt et al. 2012) . The larger an exploration type, the more effective becomes nitrogen foraging (Hobbie & Agerer 2010) coupled with a higher level of cellulose-degrading enzymes (Hupperts et al. 2017) .
In this study, I tested the putative correlation between phenology and fruit body size by considering stipitate Agaricomycetes with lignicolous, terricolous and ectomycorrhizal lifestyles. In addition, I investigated the role of ectomycorrhizal exploration types and their biomass, which may also correlate with fruit body size.
Materials & Methods
Mean fruitbody diameter and phenological data of >2600 Agaricomycetes were extracted from the Funga Nordica (Knudsen & Vesterholt 2012) . The squared fruit body diameter I used as a proxy for biomass (Tóth & Feest 2007) . Species names are based on MycoBank (Anonymous 2018) and Index Fungorum (Kirk et al. 2015) . For the analysis of species related to exploration types, additional fruit body size data from various sources were used (Favre 1960 , Breitenbach & Kränzlin 1981 -2005 , Moser 1983 , Alessio 1985 , Papetti et al. 2000 , Galli 2006 , Sarnari 2007 , Kuo & Contributors 2014 , Landry & Contributors 2018 . For the identification of exploration types I used the online data bank DEEMY (Agerer & Rambold 2005 -2011 .
To model a possible correlation between mean fungal phenology and fruit body size, a dataset extracted from the Funga Nordica (Knudsen & Vesterholt 2012) was used. The phenological data were separated into trophic guilds and exemplary taxa (Table 1) . To account for outliers, I winsorized the upper and lower 5% with the Excel add-in "RealStat 5.4" (Zaiontz 2018) . The log-normalised data were fitted to linear models ("Ordinary Least Square Regression"), and calculated the coefficient of determination together with significance levels p (permutation test with 9,999 replicates) using "PAST 3.20" (Hammer et al. 2001) .
The same statistical method was applied to elucidate the relationship between exploration type and fruit body biomass. Species corresponding to the exploration types I took from Agerer & Rambold (2005 -2011 and matched them with phenology and fruit body size data. The relative mycelial biomass differences among the four exploration types (contact, short distance, medium distance, long distance) were estimated by visually extracting mycelial coverage data from Weigt et al. (2012) .
Differences in phenology were analysed by applying an ANOVA.
Results
Almost all guilds and taxa showed differential mean phenologies (Tables 2a, b, Fig. 1 ). The regressions between mean phenology and mean fruit biomass showed heterogenous results (Table 3) . Table 3 Coefficient of correlation (r) and determination (r 2 ), and significance (p) of mean phenology and mean fruit body biomass regressions of the guilds and taxa listed in Table 1 . Values are rounded, significance of regressions of guilds and taxa denoted with * ≤0.5. ** ≤0.01, *** ≤0.001. The most significant correlation was found for Cortinarius (Fig. 2 ). 450 Fig. 2 -Linear regression between mean phenology and fruit body size of Cortinarius (r 2 0.12, p 0.0001). The blue upper and lower lines denote 95% confidence limits.
The relative mycelial coverage (proxy for biomass) of the four ectomycorrhizal exploration types were different (Table 4 ) Mean fruit body biomass of the four exploration types of the species included in this study partly differed (Fig. 3) . The mean phenology of the species in this dataset is not related to exploration types (ANOVA Mann-Whitney: p > 0.5 in all cases).
Discussion
Phenological patterns of the fungal guilds and species investigated are largely and obviously dominated by the same seasonal patterns (Fig. 1) . Most terricolous and ectomycorrhizal Agaricomycetes fruit in Scandinavia during autumn. Only the coprophilous guild, Psathyrella and, to a lesser extent, Conocybe have their fruiting window overlapping summer and autumn. I suspect that in both cases the substrate (dung, manure, compost) permits an extended fruiting period, being more independent of weather patterns than e.g. terricolous fungi. The rather compressed fruiting patterns of the ectomycorrhizal fungi (Fig. 1) most probably reflect the phenology of the hosts: in autumn, carbohydrates accumulate in the roots, thus providing maximum carbon supply to the fungi (Dickie et al. 2010) .
Although the signals are mostly weak (low r 2 , see Table 3 ), the general trend appears to support the hypothesis that species typically fruiting during later seasons produce larger mean fruit body biomass, supposedly because the optimal mean mycelial size requires a minimum time to develop. Entoloma is a marked exception because mean fruit body size becomes smaller later in the year. The reason may be that this genus includes many early fruiters (Noordeloos 1992) . It may indicate an overwintering mycelium which has grown to optimal size during the preceding year. Thus, such species potentially evade predators (Boddy & Jones 2008) and competition from other fungi. The latter suggestion is plausible because of the low number of Agaricomycetes fruiting 452 from early spring to summer (5.5% of 1026 ectomycorrhizal and 13.6% of 1262 saprobic species in Scandinavia).
In ectomycorrhizal Agaricomycetes, mycelial size is co-determined by their exploration types. Cortinarius, a medium exploration type taxon, is predominantly late fruiting with comparatively large fruit bodies. This seems to be less caused by the exploration type than by phenology because exploration type and phenology do not correlate. For instance, Inocybe, though belonging the short distance type, shows the same pattern as Cortinarius, i.e. larger fruit bodies in late fruiting species.
In conclusion, I suggest that late fruiting Agaricomycetes have larger fruit bodies than early fruiters. One may assume now that the number of fruit bodies a species typically produces would have some relevance in fruiting patterns. While there are indications that fruit body number is negatively correlated with biomass (Bässler et al. 2016 ), a correlation between phenology and number of fruit bodies has not been found (p >0.1).
In my view, the mostly weak correlations are the result of several factors. Apart from mycelial growth as such, the following aspects may have led to species-specific phenological characteristics of Agaricomycetes coupled with belowground processes:
• Species-specific genet size • Angio-vs gymnosperm hosts (the latter have an extended photosynthetic season: Bond (1989) , but also see Bourdeau (1959)) • Competition among fungi • Lifestyle (r-, C-, S-selected) (Andrews 1992 , Andrews 2017 • Saprobic competence of ectomycorrhizal species (Hupperts et al. 2017) • Interaction between saprobic and ectomycorrhizal fungi (Verbruggen et al. 2017) • Phenology of grazers such as Collembola (Ek et al. 1994 , A'Bear et al. 2012 • Microbial threats along annual temperature and moisture gradients • Niche size and space (Selosse et al. 2018) • Substrate succession (litter decomposition/quality through seasons: Couteaux et al. (1995) ) • Many vascular plants can store nutrients in subterranean bulbs, rhizoms, thickened roots etc. during winter, and use these nutrients to start growing earlier and/or more vigorously. Similar storage modes are be present in macromycetes, for instance sclerotia or bulbils and storage hyphae (Clémençon et al. 2012 ).
There might be an additional catch with ectomycorrhizal Agaricomycetes: What if the host size affects the biomass of fruit bodies? Is, for example, the mean fruit body size of Dryasassociated species smaller than of Pinus-associated ones?
All these aspects deserve further attention in future studies.
